Purpose In the present study, we aimed to examine the total and moderating effects of needs-satisfaction-driven quality-of-life (QoL) measure on age-related change in functional status. Methods Participants in the Survey of Health and Retirement in Europe (N = 18,781 at Wave 1) completed a measure of QoL (CASP-12) at baseline and reported their functional status across subsequent three waves using activities of daily living (ADL), instrumental activities of daily living (IADL), and functional limitation indices.
Introduction
As life expectancy in Western world rises, these additional years of life might often be accompanied by an increased risk of disability and functional limitations. Accordingly, the aging continuum in late life adulthood could be theoretically divided into primary, secondary, and tertiary processes of age-related change. Primary aging refers to biological and physical deterioration commonly experienced with increasing age, secondary aging refers to changes delineated by disease onset and greater rate of disability, and tertiary aging refers to accelerated decline in functioning which is seen shortly before death [1] . Although the aging process per se is associated with an increased risk of disability and functional limitations, some precipitating and accelerating factors have been identified [2] . Generally speaking, accelerated decline in functioning refers to a series of social, psychological, and physiological processes that interact together and facilitate age-related deterioration, also known as accelerated aging [3, 4] . Theoretically, it has been hypothesized that accelerated decline in functioning is the result of inequalities related to the individual's social system. These inequalities in turn initiate stress-related cascade that together with psychological and social resources shape the level of functioning in old age [5] . For example, it was suggested that the interaction between person-based intrinsic (e.g., chronic illness, pains, or depression) and environment-based extrinsic factors (e.g., income, race, or access to primary care) modifies the underlying impairment in disabled older adult [6, 7] . Previous studies have shown that previous trauma [8, 9] , major depression [10] , high blood pressure at midlife [11] , and other factors directly or indirectly associated with accelerated aging. However, it is also plausible to assume that positive psychological factors (e.g., quality of life, well-being, and optimism) are not only the result of such processes, but may also intervene and affect accelerated decline in functioning. To the best of our knowledge, no previous study has investigated the contribution of positive social and psychological factors as moderators of rate of age-related decline in functional status.
Decline in functional status was defined as including both increased disability and functional limitation [12] . Whereas disability is mainly related to difficulties in vital self-maintenance capabilities, functional limitations represent difficulties in the adaptive use of physical activities like movement and vigor [2] . The combination of both enables to assess the disablement process along with more subtle functional decrements. In the present study, we propose to examine quality of life (QoL) as a moderator of age-related decline in functional status.
QoL is a multidimensional and complex concept that incorporates physical, psychological, social, and environmental aspects of the conscious cognitive judgment or perceptions of one's current life or future goals and expectations [13, 14] . However, a more recent theoretical definition untangled psychosocial from the health-related aspects of QoL to conceptualize the definition that is more appropriate for older adults [15] . The authors anchored their theoretical underpinning on Maslow's [16] theory of needs. According to that theory, all human beings share a common set of hierarchical needs. Once fundamental needs of maintaining physical survival are satisfied, people pursue for higher level of needs that at their highest level contain appraisals such as self-actualization, happiness, and esteem. These authors also suggested four equally important domains of need: control (the need to actively influence one's environment), autonomy (the need to limit unwanted interference of others), self-realization (the need to reflectively choose one's way as a human being), and pleasure (the need to be satisfied with one's life).
As this definition of QoL contains features that capture both hedonic aspects of well-being and also the reflexive construction of self and identity [17] , it is possible that some of these aspects of QoL may afford protection against the health and functional change that accompanies aging [18] . Previous studies showed that although QoL is responsive to changes in life circumstances [19, 20] , it still demonstrates a general stability [21] . Therefore, it is plausible to assume that QoL may serve not only as the outcome of one's age-related change in functional status, but rather confer somewhat protective effects.
Lately, several works have reviewed studies that showed that QoL or closely linked constructs, such as well-being, predict better health and lower mortality [22] [23] [24] [25] [26] . However, empirical evidence for the association between QoL and functional status were assessed almost exclusively with health-related QoL measures rather than with needs-satisfaction-driven QoL measures, rendering gap that needs to be filled. Lately, it was shown in a longitudinal study that QoL is also related to functional status [27] . Despite important findings, this study did not examine within-person age-related change in functional status leaving unattended question whether QoL modifies changes in functioning along age continuum.
The current study aimed to examine, for the first time, to the best of our knowledge, the effect of needs-satisfactiondriven QoL on within-person trajectories of functional status. This will enable us to incorporate and explicitly model time dimensions and their effects on the person-level trajectories. For that purpose, we used two markers of disability [difficulties in activities of daily living (ADL) and difficulties in instrumental ADL (IADL)] and one marker of functional limitation related to physical activities involving the limbs (cf. [2] ) and examine whether QoL moderates agerelated change in these markers of functional status.
We hypothesized that older adult with high QoL at baseline would show an attenuated age-related decline in functional status than those with low QoL at baseline.
Materials and methods

Participants
Data were drawn from the first two waves and the fourth wave of the Survey of Health, Ageing, and Retirement in Europe (SHARE; [28] ). The SHARE survey queries persons aged 50 years and older from 19 countries and their spouses of any age. Based on probability samples of households in each participating country, the SHARE database presents a representative picture of the community-dwelling older population. The data were collected by means of a comprehensive computer-assisted personal interview and a supplementary paper Drop-Off questionnaire, which was returned later. Informed consent was obtained from all respondents prior to the interview. As noted earlier, the current study examined whether and how QoL moderates age-related change in functional status across time. Therefore, the target sample in the analysis included respondents 50 years old or above who had completed the QoL measure that was included in the Drop-Off questionnaire, which was administered to our sample in W1 (N = 18,781). Of these respondents, 11,796 and 6,025, respectively, also participated in W2 and W4. These respondents came from the 11 countries that comprised the first wave of SHARE (Austria, Belgium, Denmark, France, Greece, Italy, Netherlands, Germany, Spain, Sweden, and Switzerland). The countries considered in the current study were those that participated consistently in all four waves of SHARE. (Thus, countries added to the SHARE project after W1, for example, Poland and the Czech Republic, were not included in this analysis).
Attrition analyses compared those of the 18,781 respondents who participated only in W1 (n = 6,047) with those who participated in more than one wave. These analyses showed that those who participated in W1 only were older, had a higher ratio of women, and had a lower education level and lower household income, but the size of these differences was relatively small (Cohen's d and u ranged 0.01 and 0.10, respectively). The groups did not differ in marital status. After controlling for differences in background characteristics, those who participated in W1 only reported lower QoL, had more difficulties in ADL, IADL, and functional limitation, had lower subjective health, reported more alcohol consumption, had lower body mass index (BMI), and reported more depressive symptoms. The size of these differences was negligible (g 2 ranged 0.0001 and 0.022). The groups did not differ in medical conditions and smoking. Table 1 presents the descriptive statistics for the study participants across the relevant waves. As can be seen, the mean age at W1 was 64.39 (SD = 9.75), 54.2 % were women, 51.1 % had an upper secondary education or above, 73.5 % were married, and the mean household income in Euro was 40,621 (SD = 46,252). The age of respondents naturally increased across waves, while the gender composition did not change much. There was also a slight decrease in rate of married respondents.
Measures
Baseline QoL (at Wave 1) was measured by 12 items originating from the CASP-19 (Control, Autonomy, Selfrealization, Pleasure; CASP-12; [15, 29] ). This measure conceptualizes QoL in terms of need satisfaction in these four domains. Control is defined as the ability to actively intervene in one's environment. Autonomy is defined as the ability of an individual to be free from the unwanted interference of others. Self-realization and pleasure capture the active and reflexive processes of self-fulfillment. The items are rated on a scale ranging from ''never'' (1) to ''often'' (4) . In the present analysis, a minimum completion of 10 items was required for scoring a sum, with scores of 10-11 items being interpolated by dividing the sum score by the number of completed items and then multiplying that value by 12. Internal reliability for the CASP-12 measured by Cronbach's a was 0.82.
The outcome variable-functional status-was assessed by two self-reported disability measures and by a selfreported functional limitation instrument. In these measures, the scores were the sum of activities respondents had difficulties in performing; higher scores represented greater disability and limitation.
The two disability measures were as follows: (1) difficulties in basic activities of daily living (ADL, adapted from Katz et al. [30] ) and (2) difficulties in instrumental activities of daily living (IADL, adapted from Lawton and Brody [31] ). ADL included six functions: dressing, crossing a small room, bathing, getting in or out of bed, eating, and toileting. The IADL measure included seven functions: using a map, preparing meals, daily shopping, using the telephone, taking medications, doing housework, and handling personal finances. Difficulties in all of the disability functions were rated with a dichotomized answer (not having difficulties/having difficulties). For ADL, internal reliability measured by Kuder-Richardson's q was 0.78, 0.80, and 0.83 at W1, W2, and W4, respectively. The corresponding Kuder-Richardson's q for IADL was 0.74, 0.79, and 0.84.
The functional limitation measure (adapted from Nagi, [32] ) included five physical activities, specifically stooping, kneeling, or crouching, reaching or extending arms above shoulder level, pulling or pushing heavy objects, lifting or carrying heavy weights, and picking up a small coin from a table. Each limitation was rated with a dichotomized answer (not having difficulties/having difficulties). Internal reliability (Kuder-Richardson's q) was 0.71, 0.73, and 0.75 at W1, W2, and W4, respectively.
Covariates included variables that may affect functional status: background characteristics, markers of physical health, health behaviors, self-reported body mass index (BMI), and depressive symptoms.
Background characteristics included gender, country, baseline education, marital status, and baseline household income. Baseline education was recorded as one of the seven levels according to the International Standard Classification of Educational Degrees (ISCED-97; UNESCO, [33] ). Baseline household income referred to the gross annual income (in Euro) adjusted for relative purchasing power parity within the participating SHARE countries and standardized by the household size square root to get the equivalent disposable income per standard person. Baseline income was used due to variation in its measurement over waves.
Markers of physical health included medical conditions assessed by the number of illnesses, (0-14), reported to have been diagnosed by a physician (e.g., heart disease, diabetes, and arthritis) (cf. [34] ), subjective health assessed by a single-item asking respondents to rate their health on a scale ranging from 1 (very bad) to 5 (very good) (cf. [35] ). Smoking behavior was assessed by the survey question that asked the participants whether they had ever smoked. The item was scored as 0 (no) or 1 (yes). Alcohol consumption was assessed by asking the participants to rate how often they drank alcoholic beverages in the previous 6 months, on a scale ranging from 1 (not at all in the last 6 months) to 7 (almost every day). Respondents' BMI was also recorded.
Depressive symptoms were assessed by the European Depression scale (Euro-D; [36] ). This scale contains 12 items that specify recent depressive symptoms (e.g., ''In the last month, have you cried at all?''), scored as a sum of ''no'' (0) and ''yes'' (1, indicating the presence of a symptom) encoded answers. Five items were phrased in positive terms (e.g., ''do you keep up your interests?''). In the present analysis, a minimum of completion of 10 items was required for scoring a sum, with scores of 10-11 items being interpolated. Cronbach's alpha coefficient of internal consistency for the Euro-D in the current study was 0.71, 0.71, and 0.68 at W1, W2, and W4, respectively.
Data analyses
The outcome measures were standardized to a T metric (M = 50 and SD = 10 at W1), with the baseline sample (n = 18,781) serving as the reference. This transformation ensured a common metric across variables while maintaining the psychometric properties of the scores and the longitudinal changes in means and variances (e.g., [37] ). This method also facilitated interpretation of relative changes [38] . QoL and other continuous covariates were centered on sample mean.
To test whether QoL moderated change in functional status, we used growth-curve models with the MIXED procedure in SPSS [39] . These models offer an effective and desirable approach for the analyses of longitudinal data. They treat longitudinal data as a hierarchical structure with observations nested within individuals. Unlike repeated-measure analysis of variance, which estimates an average trend for all participants while treating individual variation around the average model as unexplained error, multilevel growth-curve models estimate individual-level trends over time, in which regression parameters from all the individual growth models, including intercepts and slopes, can be treated as random effects for estimation [40] . Before performing the main growth-curve models, we computed the intraclass correlations for our three outcome measures. Intraclass correlations reflect the proportion of the between-individual variance to the sum of the between-and within-individual variances of an outcome variable. Therefore, intraclass correlations enable us to quantify how much variability in our outcomes is captured within persons over time. With an indication that intraindividual variation is meaningful, one can continue to the main analyses.
We fitted three separate growth-curve models for each functional status measure (ADL, IADL, and functional limitation), with age as the time variable (model 1). The level 1 (within-person level) model was parameterized as:
In this model, functional status for person i at time t, Functional status it is a function of (a) an intercept parameter for person i (across the t times for which the person provided data), b 0i ; (b) a slope parameter that captures the linear rate of age-related change for person i, b 1i (Age it ); (c) a slope parameter that captures the quadratic rate of agerelated change for person i, b 2i (Age it *Age it ); and (d) the within-individual random error, e it . The level 2 (betweenperson level) model was parameterized as: 
where the six terms are the fixed effects that capture the average model. The last four terms are the random effects that capture the variation between individual regression models and the average model, as well as the variation between individual observations and the regression model within each person.
All models were also run with covariates including gender, country (divided into ten dummy-coded variables), baseline education, baseline household income, and timevarying covariates: marital status, medical conditions, subjective health, the three health behavior markers (smoking, alcohol consumption, and BMI), and depressive symptoms. Covariates were added to control for intercept, and both linear and quadratic slope terms. The models were examined with SPSS 20. Full information of maximum likelihood estimation was used to integrate all available information based on missing-at-random assumptions in a growth-curve modeling framework [41] .
Finally, in the basic models (without covariates), we examined the explained proportion of within-person variance in the outcomes-the pseudo-R 2 [42] -captured by our time metric, chronological age. That is, the change in pseudo-R 2 reflects the proportional reduction in prediction error after including age. For models including covariates, we also examined additionally explained between-subject variance in intercept and slope. Table 1 presents the descriptive statistics for the study variables across waves. All three functional status measures showed an increase across waves, indicating that disability and functional limitation increased with age. Preliminary intraclass correlation for ADL, IADL, and functional limitation was 0.48, 0.53, and 0.54, respectively, suggesting that there was between 45 and 51 % withinperson variance in functional status over time. Given this indication that there was a substantial intraindividual variation to model, we proceeded to run the main analyses. Table 2 presents the results of the growth-curve models.
Results
In the first model with ADL as the dependent, the estimate for age (c 10 ) was 0.153, p \ 0.0001. Thus, the increase in ADL was equivalent to 0.15 T-score units per year for respondents with an average level of QoL. The significant estimate for age square (c 11 ), 0.009, p \ 0.0001, suggested that the increase in ADL became stronger as age increased. The estimate for QoL (c 01 ) was -0.243, p \ 0.0001. Thus, the decrease in initial level of ADL was equivalent to 0.24 T-score units per one QoL point. The estimate for the Age 9 QoL (c 11 ) was -0.015, p \ 0.0001. Moreover, the estimate for the Age square 9 QoL (c 21 ) was -0.0006, p \ 0.0001. These estimates reflected a weaker quadratic age-related increase in ADL among those with high QoL. The D pseudo-R 2 showed that this model explained 16.6 % of the within-subject variance in ADL.
The second and third models, respectively, using IADL and functional limitation as the dependent, showed similar trends. In the IADL model, the Age 9 QoL interaction (c 11 ) was -0.019, p \ 0.0001, and the Age square 9 QoL interaction (c 21 ) was -0.0008, p \ 0.0001, again suggesting a weaker quadratic age-related increase in ADL among those with high QoL. In the functional limitation model, the Age 9 QoL interaction (c 11 ) was -0.011, p \ 0.0001, but the Age square 9 QoL interaction (c 21 ) was not significant, 0.00005, p = .498, reflecting a weaker linear agerelated increase in functional limitation among those with high QoL. These models explained 16.8 and 8.7 % of the within-subject variance in IADL and functional limitation, respectively. Figure 1a -c presents the weaker quadratic age-related increase in ADL and IADL for those with high QoL, and the weaker linear age-related increase in functional limitation for those with high QoL.
When adding the covariates into the models, the Age 9 QoL interaction (c 11 ) and the Age square 9 QoL interaction (c 21 ) for both ADL (estimate = -0.008, p \ 0.0001, and estimate = -0.0002, p = 0.003, respectively) and IADL (estimate = -0.009, p \ 0.0001, and estimate = -0.0002, p = 0.002, respectively) remained significant. The adjusted model with ADL explained an additional 10.6 % in withinsubject variance in ADL. Also, an additional 12.5 % in between-subject variance in the ADL intercept and 17.0 % in between-subject variance in the ADL slope were explained. The adjusted model with IADL explained an additional 13.2 % in within-subject variance and an additional 21.0 and 18.5 % in between-subject variance in the intercept and slope, respectively. Moreover, the Age 9 QoL interaction (c 11 ) remained significant for functional limitation (estimate = -0.004, p \ 0.0001). The adjusted model with functional limitation explained an additional 7.6 % in within-subject variance and an additional 38.7 and 40.0 % in between-subject variance in the intercept and slope, respectively.
Discussion
The current study examined the moderating role of needssatisfaction-driven QoL measure on age-related change in functional status. First, we found an age-related decline in functional status across different indices of functioning. This finding is expected and well documented in the literature [24] . Next, we found that individuals with higher QoL at baseline had lower age-related decline in functional status than those who had lower level of QoL at baseline. Conversely speaking, the results showed that those with lower QoL had a steeper increase in disability deficits accumulation and functional limitation progression than their counterparts with higher sense of QoL. When using the coefficients from an unadjusted model predicting any limitation (i.e., by summing ADL, IADL and functional limitations), we can expect individuals with low level of QoL at baseline (i.e., 1 SD below the average) to report an average of 0.89 limitations at the age of 50, whereas those with high QoL at baseline (i.e., 1 SD above the average) are expected to report almost no limitations (an average of 0.08 limitations). The gap between those low and high in QoL at baseline increases at the age of 80, so that those low on QoL are expected to report an average of 3.28 limitations, whereas their high-QoL counterparts are expected to report an average revolving around one limitation (1.06 limitations). The results attained even after controlling for demographics, chronic morbidities, depressive symptoms, BMI, and health behaviors. To the best of our knowledge, this is the first study to show the moderating role of QoL on age-related change in functional status. The more pronounced effects were observed in ADL and IADL disability scales, where QoL moderated both linear and quadratic age-related change. In the domain of functional limitations, QoL moderated only the linear agerelated change. It is possible that QoL is more sensitive in capturing age-related changes in functional impairments that are more contextualized in daily life, as represented by ADL and IADL measures, compared to the more general and less sensitive measures included in Nagi's scale. In line with this assertion, previous study showed that ADL was more strongly associated with QoL than physical activity [43] .
Furthermore, this study adds to the available literature that showed the association between QoL and better health and lower mortality [22] [23] [24] [25] , and to recent studies that showed that QoL was predictive of physical functioning and frailty [27, 44] . Taken together, these findings highlight the fact that QoL is not only an outcome measure, but also might be a potential moderator of functional status. Moreover, our findings are in line with recent findings that showed that psychological well-being may moderate the effect of inflammatory markers associated with accelerated aging [45] . Furthermore, our study presents evidence that QoL moderates within-person age-related change in functional status, meaning that higher QoL attenuates the rate of functional decline. Needs-driven QoL encompasses, among other domains, the degree to which functional needs are satisfied [15] . Therefore, those who rate their QoL as high might also benefit from more constructive outlook of their present and future functional status than those who perceive their functional integrity as being irreversibly affected. This resonates well with Albrecht and Devlieger [46] , who observed that high QoL, despite physical limitation, was associated with taking proactive steps to regain control over one's life. Lastly, two explanations were proposed regarding the effect of QoL on physical health. The first argues that having positive psychological functioning directly affects biological, health-protective factors [47] . The second claims that factors related to QoL serve as a buffer for the negative effect of adversities on health [18] . Future studies may indicate whether these mechanisms are also at the basis of our findings.
Finally, the current finding adds to the literature by showing that QoL has a prospective effect on dynamics in functional status. One possible explanation for this finding can be related to motivational components. It is possible that favorable QoL actually represents higher motivations such as higher dispositional optimism, or higher will to live, which in turn were found to be associated with adaptive coping resources that mitigate age-related decline [48, 49] .
Our findings should be interpreted in light of several limitations. First, functional status markers were selfreported and therefore might represent more motivational aspects rather than actual functioning. Second, it is not Fig. 1 Quadratic age-related increase in t-score units for a difficulties in activities of daily living (ADL) and b instrumental activities of daily living (IADL), and the linear age-related increase in t-score units for c difficulties in functional limitation, plotted for those with low (-1 SD), average and high (?1 SD) quality of life (QoL) clear from current results what are the mechanisms that account for the effect of QoL on functional status, and future studies are warranted to including biological markers and performance-based measures to address that inquiry. Finally, some of our outcomes had a preponderance of zeros and therefore could be potentially modeled using zero-inflated Poisson algorithms. However, our attempt to specify these models using zero-inflated Poisson functions failed to converge, leading us to adopt growthcurve linear model estimates. Future studies may benefit from replicating our finding within generalized linear model framework.
To conclude, the current findings suggest that age-related decline in functional status can be mitigated by QoL. This finding may guide clinicians to support and foster older adults' QoL. Unlike most of the literature, this study reveals salutary effects of QoL that diffuse beyond psychological experience and include long-term effects on functional status.
